It has been suggested that plasma lipoproteins play a role in the maintenance of the lipid composition of cellular membranes (Owen & Gillett, 1983; Owen et af., 1984) . Evidence for this has come mainly from studies of human dyslipoproteinaemias. It would clearly be of interest to examine changes in plasma lipoprotein and tissue lipid compositions under non-pathological conditions. Prolonged exercise in the rat has been reported to change both plasma and erythrocyte lipids (Simko & Kelley, 1977) , and consequently in the present study, the effects of exercise on plasma, erythrocyte and tissue lipid composition have been investigated.
Groups of four male Sprague-Dawley rats were maintained under sedentary conditions (group 1) or else submitted to daily (group 2) or twice daily (group 3) 1 h periods of swimming for 60 and 30 days respectively. At the end of the experiment the animals were killed, and blood was collected for analysis of plasma and erythrocyte lipids (Lima et al., 1986) , and the liver, kidneys, spleen and epidymal fat pads removed, weighed and homogenized in 9 vol. of cold phosphate-buffered saline (pH 7.4). Lipid extracts of each homogenate were prepared as described by Folch et al. (1957) and aliquots were taken for determination of total and unesterified cholesterol and total phospholipids. Individual phospholipids of kidney were also determined after their separation by thin-layer chromatography.
In plasma of both groups of exercised rats, total and unesterified cholesterol were significantly decreased, but the percentage of esterified cholesterol and the levels of total phospholipid, and especially of phosphatidylcholine, were significantly increased. Erythrocytes of exercised rats showed no change in unesterified cholesterol content but total phospholipids and phosphatidylcholine were again raised. The molar ratio of unesterified cholesterol/ phospholipid of these cells was significantly decreased. In homogenates of tissues from exercised rats the levels of total, but not unesterified cholesterol, were significantly decreased and those of total phospholipids significantly increased. In kidney there was no change in phospholipid composition. In all tissues the molar ratio of unesterified cholesterol/phospholipid was significantly decreased (Table  1) . For all animals treated as a single group there were significant correlations between this ratio in plasma and that of erythrocytes (r = 0.81, P < O.Ol), liver (r = 0.79, P < O.Ol), kidneys ( r = 0.78, P < O.Ol), spleen(r = 0.90, P < 0.001) and adipose tissue ( r = 0.71, P < 0.01). Values shown are means & S.E. of the mean and significant differences between sedentary and exercised animals are shown: * P < 0.05; **P < 0.01; ***P < 0.001. Vol. 14 BIOCHEMICAL SOCIETY TRANSACTIONS
The present results confirm the observations that prolonged exercise in rats alters the lipid composition of plasma and erythrocytes (Simko & Kelley, 1977) and extends this observation to show that similar changes occur in tissues. The main effect of exercise seems to be to increase levels of phospholipids in plasma and membranes. Although plasma levels of unesterified cholesterol were reduced, these were unchanged in erythrocytes and tissues, although tissue esterified cholesterol was significantly reduced. The good correlations obtained between plasma and tissue unesterified cholestrol/phospholipid molar ratio point to a role for the plasma lipoproteins in the modification of tissue lipid composition and suggest that the exercised rat may be a good physiological model with which to study the relationship between lipoprotein and membrane lipid composition.
This work was supported by programme grants from the Cons&lho Nacional de Desenvovimento Technologico e Cientifico and the FinanGiadora de Projetos e Estudos. The membrane lipid composition of erythrocytes and platelets can be directly influenced by the plasma lipoproteins. In several human dyslipoproteinaemic conditions, including both parenchymal and obstructive liver disease, the membranes of these cells are enriched in unesterified cholesterol and phosphatidylcholine and reflect exactly similar alterations that occur in lipoprotein lipid composition (Owen et al., 1984) . In contrast to blood cells, most other types of cell are not directly exposed to plasma and hence to high concentrations of lipoproteins. Although such cells (e.g. skin fibroblasts) become enriched in cholesterol when exposed in vitro to liver disease lipoproteins (Owen & Gillett, 1983) , it is not known whether or not cell membrane lipid changes are widespread in tissues and organs of liver disease patients. Thus in the present study the lipid composition of membranes isolated from different tissues has been investigated in rats submitted to experimental liver disease.
Bile duct ligations (n = 15) or sham operators (n = 13) were performed on male Sprague-Dawley rats as described by Calandra et al. (1972) . Animals were killed after overnight fasting, before or 2, 4, 6 and 8 days after surgery. Blood samples were taken for analysis of plasma and erythrocyte cholesterol and phospholipid (Lima et al., 1986) , and the brain, lungs, heart, liver spleen, kidneys, skeletal muscle and testes were removed for homogenization. Microsomal pellets (8000-100 OOOg) were prepared (Brown et al., 1979) and their protein (Lowry et al., 1951), cholesterol and phospholipid (Gillett & Lima, 1984) content determined.
In plasma of obstructed rats, compared with shamoperated controls, total and unesterified cholesterol, total phospholipids and phosphatidylcholine were significantly increased and cholesteryl ester percentage decreased after 2, 4 and 6 days, but not after 8 days. In erythrocytes similar increases in unesterified cholesterol, total phospholipids and phosphatidylcholine and in the molar ratio of unesterified cholesterol/phospholipid occurred and were still present 8 days after obstruction. These results are in agreement with many previous reports, including that of Taniguchi et al. (1983) .
In obstructed rats microsomal lipid content (expressed per mg of protein) was increased, but significant elevations in total phospholipids or phosphatidylcholine were generally absent. However, significant increases in unesterified cholesterol were observed in preparations from lungs, heart, liver, kidneys, skeletal muscle and testes. Raised levels were apparent from the second day and increased on days 4 and 6 and then decreased on day 8. The molar ratio of unesterified cholesterol/phospholipid was also significantly increased in microsomes from the lungs, liver, kidneys, skeletal muscle and testes of obstructed rats. Except for liver, which showed a progressive increase until day 8, these ratios reached a maximum on day 6 and then sharply declined (Table 1) .
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